A misfit parameter is used to characterize the degree of frustration of ordered and disordered systems. It measures the increase of the ground-state energy due to frustration in comparison with that of a relevant reference state.
It is well established that two ingredients are necessary to characterize a spin glass: frustration (competition among the different interactions acting on a certain magnetic moment) and disorder, see [1] for reviews. But up to now a quantitative description of frustration seems to be incomplete. Toulouse [2] has introduced the function Φ = (c) I ij which measures the frustration effect in a local region of a lattice, where c indicates a closed contour along the I ij = +I or −I bonds. However, this function cannot be simply generalized to other spin-glass models, especially, it is not suited to models without underlying lattices.
Frustration has an effect on ground-state energy and entropy. This can be easily seen starting from a (unfrustrated) ferromagnetic system by replacing +I bonds by −I bonds with increasing concentration p [3] . The ground-state energy increases up to a critical concentration p c . Near p c the ground-state entropy starts to increase. This is reflecting the fact that the problem to find the ground state becomes a problem of combinatorical optimization with a large number of optimal and nearly optimal solutions. The aim of this letter is to use just the energy increase due to frustration as its global measure.
Firstly this concept was used to characterize the frustration effect in an amorphous Ising model with antiferromagnetic short-range interactions [4] . A misfit parameter
was introduced, where E 0 is the ground-state energy of the frustrated system and E id is the ground-state energy of a relevant unfrustrated reference system. The latter can be obtained by replacing all negative bonds by positive ones. For the ±I spin glass the relation to
Toulouse's frustration function can be seen by the expression given by Barahona [5] 
where the first term represents E id and the second one the numerator of (1) having in mind that the restricted sum over unsatisfied edges is correlated to Toulouse's function by the total string length at minimal matching of elementary plaquettes with Φ = −1.
The misfit parameter m of Eq. (1) is used to characterize the frustration in Ising zig-zag chains in dependence on the chain length [6] and in a neural network model [7] . It has been generalized to quantum systems [8] [9] and to define the local misfit and the misfit of a cluster of spins [9] . Now we introduce a modified misfit parameter. For a given state i of a system it is defined
where E i is the energy of the state i. E Although, in general, E id min and E id max do not represent necessarily energies of a real system, they often can be identified with energies of a special reference system. In any case, they represent lower and upper bounds for the possible energy range of the considered frustrated system. Therefore µ i is restricted to the interval between 0 and 1. We define the misfit parameter for a system by the misfit of its ground state µ 0 = µ(E 0 ).
To clarify the term 'ideal' energy, we will discuss the misfit parameter of a spin glass. As mentioned above, the minimal and maximal ideal energies correspond to a fictive state, where all interactions are satisfied and nonsatisfied, respectively:
where the sum goes over all interactions. Obviously, E id min is the ground state energy of an unfrustrated reference system, which can be obtained by replacing all I ij by their absolute values. The misfit parameter can be calculated from Eqs. (3) and (4) as
Compared to Eq. (1) we get m = 2µ 0 . For the ±I spin glass µ 0 is the fraction of nonsatisfied bonds in the ground state [10] .
For the well-known Sherrington-Kirkpatrick (SK) model [11] the minimal ideal energy belongs to the ground-state energy of a reference system, in which the probability distribution of the interactions is a Gaussian one folded about zero [12] In this case Eq. (4 ) gives
where b denotes the total number of bonds in the system. Eq. (6) leads to µ 0 = 0 for the mean-field solution in [11] . In other words, due to the mean-field approximation the frustration in the system vanishes and the resulting system is a Mattis-like spin glass. The misfit value µ 0 for Parisi's improved replica solution [13] is given in Table I together with a collection of data for various spin-glass models and related combinatorial optimization problems.
Derrida [14] has considered the random-energy model as an approximation to spin-glass models and has calculated lower bounds for the ground-state energies in any dimension. For the ±I spin glass on a d-dimensional hypercubic lattice this approximation yields reasonable misfit values (µ 0 ≥ 0.11 and 0.17 for d = 2 and 3, respectively, and µ 0 ≥ 0.5 − 1/ 2d/ln2 in the high-dimension limit d → ∞, which is lower than the lower limit of the fully frustrated ±I system (see Table I )). Otherwise, for the symmetric Gaussian model on a square lattice the ground-state energies of the random-energy model are lower than E id min . ±I spin glasses and spin glasses on a Bethe lattice with the same number of nearest neighbors z shows that µ 0 is stronger influenced by the coordination number than by the spatial structure and dimension. However, it can be seen also that µ 0 is lower in the Bethe lattice than in higher netted lattices.
TABLES
Analytical expressions for µ 0 (d) are given for hypercubic fully frustrated systems [26] and ddimensional antiferromagnets with triangular plaquettes [28] at least in the high-dimension limit. For finite d the results for fully frustrated systems are proved as upper bounds for systems with equal probability of +I and −I bonds.
In systems with a Gaussian distribution of interactions the energy can be decreased by choosing and frustrating that bond with the lowest strength in a plaquette. Therefore the misfit for such systems is smaller than for comparable systems with a ±I distribution.
Other relations between the parameters of a model and the resulting frustration can be investigated by using the p-state Potts glass, the p-partitioning and the p-coloring problem. With The presented concept can be applied to other systems with frustration at least for such problems, for which the cost functions can be transformed linearly without additional constraints. This can be understood in terms of the existing transformations between various problems using the NP-completeness. But often, e.g. for the traveling salesman problem, such a transformation is accompanied with new global constraints. We will focus on this topic in a forthcoming paper.
The presented parameter only refers to the energetic aspect of frustration.
It is an open question whether a similar parameter can be found for the entropic characterization of frustrated systems. A preliminary answer for the ±I models is given by Vogel et al. [20] . These authors have calculated the fraction of bonds, which are satisfied in all ground states. The difference between unity and this fraction can be used as a global entropic measure for frustration.
Generalizations are under consideration.
We benefit from discussions with A.R. 
